Objecti6e: The aim of this study was to determine the efficacy and safety of videothoracoscopic lung biopsy (VTLB) in the diagnosis of infiltrative lung disease (ILD) and compare the results of VTLB with the results previously obtained in patients with open lung biopsy at the same institution. Methods: Forty-one patients undergoing VTLB between May 1991 and December 1994 were retrospectively studied and compared with 25 patients who have undergone OLB during the period from January 1987 to April 1991. The two groups were comparable with respect to age, sex, and severity of lung disease. Results: Three of 41 patients (7%) who underwent VTLB with minithoracotomy. There was no significant difference between the group of VTLB (38 patients) and the group OLB (25 patients) with regard to, the number of biopsies (VTLB 1.8 90.4 versus OLB 2 9 0.6), or diagnostic yield (VTLB 37/38 versus OLB 25/25). In contrast, patients who underwent VTLB demonstrated a significant reduction of the operative time (VTLB 45.3 9 12.2 min), length of chest tube drainage (3.55 91.2 days), hospital stay (5.5 91.3 days), and analgesia (buprenorphine 0.85 90.44 mg; paracetamol 5.99 2.5 g) compared to patients who underwent OLB (55.6911.2 min, 5.291.5 days; 7.1 9 2.3 days; buprenorphine 1.1790.5 mg, paracetamol 8.99 2.3 g). Morbidity and mortality were similar in the two groups (morbidity VTLB 10.5%, OLB 12%; mortality VTLB 5.2%, OLB 8%). Regardless of the biopsy technique, the most serious complications and deaths occurred with the same frequency in those patients with a severe underlying disease. Conclusions: VTLB is a valid alternative to OLB in most cases. Along with a comparable efficacy, VTLB has several advantages that should make it the method of choice for patients with only minimally impaired respiratory function. In contrast, the role and advantages of VTLB compared to OLB in patients with severe lung disease, require further investigation.
Introduction
Despite the development of new diagnostic techniques, many patients with interstitial lung disease (ILD) often require a lung biopsy for diagnosis [5, 22] . Performed by more or less extensive thoracotomy, lung biopsy is the 'gold standard', with a diagnostic accuracy of close to 100% [11] . Several recent publications describing video-assisted thoracoscopic lung biopsy (VTLB) as a alternative to open lung biopsy (OLB) cite advantages concerning patient comfort, the duration of drainage, and the hospital stay [2, 7, 8, [12] [13] [14] 17, 20, 21] . Results in terms of morbidity and mortality remain controversial, however, since not all patients may really benefit from this new method [7, 8] . We first began using video-assisted thoracoscopy in November 1990 for resection of mediastinal cysts and sympathectomies. Following the introduction of endoscopic linear staplers allowing peripheral tissue resection with satisfactory hemostasis and control of air leaks, we expanded our indications for videothoracoscopy lung biopsy since May 1991. The aim of this study was to determine the efficacy and safety of videothoracoscopic lung biopsy in the diagnosis of ILD and compare the results of VTLB with the results previously obtained in patients with OLB at the same institution.
Materials and methods

Patients
Sixty-six patients with ILD were referred for lung biopsy between January 1987 and December 1994. Patients (41) who consecutively underwent VTLB between May 1991 and December 1994 were retrospectively studied and compared with 25 patients who have undergone OLB during the period from January 1987 to April 1991. Data obtained included age, sex, past history, interval between the initial onset of symptoms and biopsy, preoperative pulmonary function, operative time, duration of pleural drainage, intensive care unit (ICU) admission, quantity of analgesics administered, length of hospital stay, biopsy results (number, histologic features, culture), complications, and deaths.
Videothoracoscopic lung biopsy
Patients underwent general anesthesia and were intubated using a double lumen Carlens endotracheal tube allowing selective ventilation of the contralateral lung. Three patients did not tolerate single lung ventilation and were ventilated manually using reduced volumes and intermittent apnea. This manual ventilation was also performed in two patients who were already intubated preoperatively with single-lumen endotracheal tubes. Arterial monitoring and continuous pulse oximetry were used.
The patient was placed in a postero-lateral thoracotomy position. A 10 mm trocar for the telescope was inserted through the 5th or 6th intercostal space opposite the tip of the scapula. Two additional trocars (12 mm) were placed under direct vision: one through the 6th or 7th intercostal space on the midclavicular line and the other through the 7th or 8th intercostal space along the posterior axillary line. In three patients, VT was performed in assocation with a minithoracotomy (VTmT): twice to release extensive pleural adhesions and once for complementary air leak control by suturing the resection margins.
Biopsy sites were selected on the basis of CT scan data and intraoperative findings. Biopsy material was generally obtained from two sites: an area of severely diseased tissue and a less involved region. Biopsy was performed by wedge resection using endo-cavity Auto Suture ® staplers (Endo-GIA, United States Surgical, Norwalk, CT, USA). To avoid contact with the wall, the specimen was removed through the sheath of one of the trocars or by using the packaging of a surgical drain. At the end of the operation, two 28 or 32 Charriere chest tubes were inserted in ventilated patients, in patient with pleural adhesions requiring lysis, patients who had had an associated procedure, and HIV-positive patients. Only one chest tube was placed in all other patients. The chest tubes were inserted via the lower port sites and connected to a drainage system: suction was applied at − 25 cm H 2 O. Lung re-expansion was checked and the port sites were sutured in two layers. The specimens were fragmented by the surgeon and immediately sent to the laboratories for histolopathologic analysis as well as bacterial, viral and fungal cultures.
Open lung biopsy
Single-or double-lumen endotracheal intubation was utilized. The patient was placed in the supine or semirecumbent position. An 8-10 cm infra-mammary thoracotomy incision was performed. The lung was grasped with atraumatic forceps and transected with an automatic stapling device. The tissue specimen was sent for appropriate studies, as for VTLB. One or two 28 or 32 Charrière chest tubes were inserted through a separate incision, connected to a drainage system, and placed to suction ( − 25 cm H 2 O). The incision was then closed.
Postoperati6e care
Patients were extubated in the operating room and monitored for 2-3 h in the recovery room. Patients who had been ventilated preoperatively were returned to the ICU as were patients requiring continuous monitoring and observation. Pain management was identical throughout the entire study period. Postoperative administration of analgesics was adapted to individual requirements (paracetamol and subcutaneous buprenorphine). Epidural analgesia was not employed.
Data analysis
Results are expressed as the mean9 S.D. Data were analysed by the unpaired t-test. Disease variables were analysed using the chi-square test or, when appropriate, Fischer's exact test. A P value B 0.05 was considered significant.
Results
Details concerning the patients are presented in Table 1. The VTLB group consisted of 41 patients (23 men, 18 women) with a mean age of 55.2 9 13.3 years. Two patients were HIV-positive (respectively III b and IV c1 of the Center for Disease Control classification) [4] . Three patients had a history of neoplasm (bladder cancer, thyroid cancer, non-Hodgkin malignant lymphoma) treated respectively 3, 14 and 15 years earlier. Two patients presented professional risks (marble worker, plumber). Six patients had been treated by corticosteroids that had been stopped 15 -30 days prior to biopsy. Three patients were on continuous oxygen therapy, and two patients were ventilator-dependent. ILD was a radiologic discovery in nine cases. The mean interval between initial symptoms and biopsy was 4.5 months (range 15 days -18 months).
The OLB group consisted of 25 patients (15 men, 10 women) with a mean age of 55.9914.4 years. Two patients were HIV-positive (IV c1 ). One patient was being treated for prostate cancer and another had been treated 14 years previously for Hodgkin's disease. One patient was a former miner. Two patients were on supplemental oxygen therapy, and two required mechanical ventilation. ILD was a radiologic finding in 5 cases. The mean interval between the onset of the first symptoms and biopsy was 5 months. (range 3 weeks-2 years). The two groups (VTLB, OLB) were comparable; in particular, there were no significant differences with regard to age, sex, or severity of lung disease.
The operative procedures and postoperative course are detailed in Table 2 . Of the 38 patients who underwent VTLB seven patients (18.4%) were admitted into the intensive care unit (ICU) postoperatively. Four patients presented complications including arythmia (n=1), pneumonia (n = 1), prolonged air leak (n= 1), and a residual apical pneumothorax (n =1). Two of these four patients presenting postoperative complications were under continuous oxygen therapy preoperatively. Two patients died of refractory respiratory failure 15 and 21 days after biopsy. Both of these patients were ventilator-dependent preoperatively.
Of the 25 patients in which a OLB was performed, 4 patients (16%) were admitted into the ICU. Complication included 2 prolonged air leaks (9 and 12 days) and one postoperative hemorrhage in a HIV patient with a coagulopathy that did not necessitate reintervention.
There were two late deaths: one patient who was ventilator-dependent preoperatively died of refractory respiratory failure 18 days after biopsy. The second patient, who was HIV-positive, died of disseminated Kaposi's sarcoma 9 days after biopsy.
Significant differences were observed in favor of VTLB with respect to operative time, duration of drainage, length of the hospital stay, and the quantity of antalgesics administered.
No conclusions could be drawn from the postoperative results of the three patients who underwent VTmT because of the small number of patients in this population. A histopathologic diagnosis was obtained for all 25 OLB, 3/3 VTmTLB and for 37/38 VTLB (Table 3) . One patient with normal lung had a biopsy for workup of intravascular lymphoma; diagnosis was established by muscular biopsy.
Discussion
Our results confirm the lung biopsy by VT is a feasable alternative. We were able to perform biopsies using a single-lumen tube (two patients) and in patients that did not tolerate selective ventilation (three patients) by ventilating manually using reduced volumes and intermittent apnea. Extensive pleural adhesions, however, necessitated an approach by thoracotomy in two patients.
VT permits excellent visualization of all of the pulmonary lobes and allows easier exploration of certain regions than a limited thoracotomy incision (apex, costophrenic region). Selection of biopsy sites, often a subject of debate, is thus not restricted by the technique. Certain authors advise against taking specimens from the tip of the lingula or the middle lobe [3] but these sites are considered acceptable by others [19, 23] .
In fact, the main problem in patients with ILD is to avoid biopsy of long-standing fibrotic lesions which may no longer present any specific characteristics and cannot reveal inflammatory processes [10] . Biopsy specimens should thus be obtained from two areas: a region of gross involvement and a zone of transition between healthy diseased lung tissue. Owing to the lack of manual exploration with VT, biopsy sites must be selected on the basis of imaging data, and especially CT, and intraoperative visual observations. Although VTLB reportedly involves more tissue manipulation than thoracotomy, the technique apparently does not cause any severe modifications that risk altering the quality of biopsy material [13] . In addition, several authors have demonstrated that specimen sizes with VTLB are comparable to those obtained with thoracotomy [2, 9, 13, 20] . Segmental resection as described by Ferson et al. [7] provides an adequate specimen for histological diagnosis. Performed with an endoscopic linear stapler, VTLB generally allows satisfactory air leak control and hemostasis [14, 18] . The only patient who required complementary air leak control in our studies had hepatized lung tissue, which can be considered a poor indication for VTLB.
To avoid infection or neoplastic seeding of port sites [1] , we always removed the specimens through a trocar sheath or in a retrieval bag. None of our patients developed a complication at a port site.
Although OLB has been considered the procedure of choice in terms of accuracy for diagnosis of ILD, this study, like earlier reports [2, 13, 18, 20] , demonstrates comparable diagnostic accuracy with VT.
The morbidity and mortality of our patient population after VTLB compares with those found in the literature, with mortality rates ranging from 0 to 8% and complication rates of 7.6 to 25% [2, 6, 9, 13, 14, 20] . Morbidity and mortality varies considerably in all series due to the heterogeneity of the patients entered in these studies.
Two studies showed no difference in morbidity or mortality using either VTLB or OLB [2, 20] . However Ferson et al. [9] excluded from their study patients requiring mechanical ventilation and high levels of pressure support before biopsy and demonstrated a significant decrease in morbidity with VTLB vs OLB (19 vs 50%). The mortality was unchanged whether VTLB or OLB was used.
We did not encounter any complications truly specific to the method. There were no significant differences in mortality and morbidity between VTLB and OLB. We believe patients referred for lung biopsy can be classified in two general categories. The first group consists of high-risk subjects: patients on oxygen therapy, or who are intubated and ventilated, patients with bleeding disorders, and immunodepressed individuals. In our series, the most serious complications and deaths occurred in such patients with the same frequency, regardless of the biopsy procedure. Locicero III [16] recently emphasized the risks of OLB for these patients, and recommended that the indications be discussed case by case. Like other authors [8, 20] , we do not feel that VT will improve morbidity or mortality for these patients, and utilization of this technique does not appear to authorize modification of standard indications for surgical biopsy.
In contrast, VTLB is ideally suited for patients with stable or slowly progressive parenchymal infiltrates who truly benefit from VT, as demonstrated in several series and as confirmed by our study: low morbidity, shorter duration of pleural drainage and hospitalization, and reduced chest pain [2, 9, 15] . These advantages, along with the reduced cosmetic prejudice compared to thoracotomy, should lead to proposal of VTLB earlier than is currently the case (the average interval to biopsy was 4-5 months in our series). This might permit more frequent etiologic diagnosis and would certainly avoid unnecessary and/or abusive treatment.
VTLB can be considered an alternative to OLB in most patients referred for lung biopsy. Along with a comparable efficacy, the technique has several advantages that should make it a reference method for patients with minimal impairment of respiratory function. By contrast, in severely diseased patients, the role and advantages of VTLB compared to OLB require additional investigation.
